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RAS proteins function asmolecular switches that transmit signals from cell surface receptors into speciﬁc cellular
responses via activation of deﬁned signaling pathways (Fang, 2015). Aberrant constitutive RAS activation occurs
with high incidence in different types of cancer (Bos, 1989). Thus, inhibition of RAS-mediated signaling is ex-
tremely important for therapeutic approaches against cancer. Here we showed that the ribonuclease (RNase)
binase, directly interactswith endogenous KRAS. Further,molecular structuremodels suggested an inhibitory na-
ture of binase-RAS interaction involving regions of RAS that are important for different aspects of its function.
Consistent with these models, phosphorylation analysis of effectors of RAS-mediated signaling revealed that
binase inhibits the MAPK/ERK signaling pathway. Interestingly, RAS activation assays using a non-hydrolysable
GTP analog (GTPγS) demonstrated that binase interferes with the exchange of GDP by GTP. Furthermore, we
showed that binase reduced the interaction of RAS with the guanine nucleotide exchange factor (GEF), SOS1.
Our data support a model in which binase-KRAS interaction interferes with the function of GEFs and stabilizes
the inactive GDP-bound conformation of RAS thereby inhibiting MAPK/ERK signaling. This model plausibly ex-
plains the previously reported, antitumor-effect of binase speciﬁc towards RAS-transformed cells and suggests
the development of anticancer therapies based on this ribonuclease.
© 2016 Elsevier B.V. All rights reserved.
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1. Introduction
The members of the RAS subfamily are guanosine triphosphate
(GTP) hydrolyzing proteins (GTPases) that mediate transduction of ex-
tracellular stimuli into cellular responses. RAS proteins function as mo-
lecular switches that cycle between active, GTP-bound and inactive,
GDP-bound forms. Activation of upstream growth factor receptors at
the cell membrane results in the recruitment of a preformed complex
consisting of Son of Sevenless (SOS) and the adaptor protein GRB2 to
the active receptor at the cell membrane. SOS1 and SOS2 are guanine
nucleotide exchange factors (GEFs) that facilitate RAS activation by
catalyzing the release of GDP from RAS [1,2]. Since cellular concentra-
tions of GTP are approximately 10 fold higher than GDP, GTP re-enters
the nucleotide binding pocket of RAS and reloads its active conforma-
tion, which has high afﬁnity for various effectors that stimulate speciﬁc
signaling pathways [3–7]. After carrying out its function, the intrinsic
GTPase activity of RAS is enhanced by GTPase-activating proteins
(GAPs) converting GTP to GDP and leading to inactive, GDP-bound
RAS [8]. Summarizing, the balance between GEF and GAP activity deter-
mine the guanine nucleotide status of RAS, thereby regulating RAS
activity.
In response to extracellular stimuli that activate cell surface recep-
tors (e.g. epidermal growth factor receptor, insulin-like growth factor
receptor and platelet-derived growth factor receptor), RAS proteins ac-
tivate awide range of signaling pathways [3–7]. This stimulation of spe-
ciﬁc signaling pathways ultimately results in regulation of gene
expression patterns that govern diverse cellular processes like cell
growth, proliferation, differentiation, motility, endocytosis and apopto-
sis. Due to the central roles of RASproteins in all these processes, it is not
surprising that cells use these activities during transformation towards
cancer cells. In fact, oncogenic mutations in the RAS genes (HRAS, KRAS
and NRAS) are present in approximately 30% of all human cancers and
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Abbreviations: RAS, Rat sarcoma; GTPase, hydrolase enzyme that can bind and
hydrolyze guanosine triphosphate (GTP); Binase, Bacillus pumilus ribonuclease; ERK,
extracellular signal-regulated kinases.
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